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CLAIMS 



[Claim(s)] 

[Claim 1] The alumimium nitride sintered compact characterized by the peak of carbon 
being detected by X diffraction include-angle 2theta=44 degree-45 degree other than the 
alumimium nitride peak which is the main crystal phase in the X diffraction chart of 
alumimium nitride. 

[Claim 2] The alumimium nitride sintered compact according to claim 1 characterized by 
having said main crystal phase, the subcrystal phase which consists of ALON, and the 
carbon phase. 

[Claim 3] (AIN) xl(aluminum2 OC)-x A phase Is not contained substantially but it is JISZ. 
Alumimium nitride sintered compact according to claim 1 or 2 characterized by the 
lightness specified to 8721 being four or less N. 

[Claim 4] An alumimium nitride sintered compact given in any one claim of claims 1-3 
characterized by the rate of the carbon atom contained in said alumimium nitride sintered 
compact being 500 ppm - 5000 ppm. 

[Claim 5] Equipment for semi-conductor manufacture characterized by using the 
alumimium nitride sintered compact of a publication for any one claim of claims 1-4 as a 
base material. 

[Claim 6] It is the raw material with which a carbon content consists of alumimium nitride 
powder which is 500 ppm - 5000 ppm The temperature of 1730 degrees C or more and 
1920 degrees C or less, and 80kg/cm2 The manufacture approach of the alumimium nitride 
sintered compact characterized by obtaining an alumimium nitride sintered compact by 
making it sinter by the above pressure. 

[Claim 7] The manufacture approach of the alumimium nitride sintered compact according 

to claim 6 characterized by manufacturing said raw material with which a carbon content 

consists of alumimium nitride powder which is 500 ppm - 5000 ppm by adding the 

compound used as carbon or a carbon source to alumimium nitride powder. 

[Claim 8] The manufacture approach of the alumimium nitride sintered compact iaccording 

to claim 6 characterized by manufacturing said raw material with which a carbon content 

consists of alumimium nitride powder which is 500 ppm - 5000 ppm by mixing two or more 

sorts of alumimium nitride powder with which carbon contents differ. 

[Claim 9] The manufacture approach of the alumimium nitride sintered compact according 

to claim 8 characterized by manufacturing said second alumimium nitride powder with 

reduction nitrlding. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the equipment for semi-conductor 
manufacture which used such an alumimium nitride sintered compact as a base material 
about an alumimium nitride sintered compact and its manufacture approach. 
[0002] 

[Description of the Prior Art] In semiconductor devices, such as an etching system and 
chemical vapor growth equipment, the so-called stainless steel heater and the heater of an 
indirect heating method were common. However, when these heat sources were used, 
particle might occur according to an operation of halogen system corrosive gas, and 
thermal efficiency was bad. In order to solve such a problem, these people indicated the 
ceramic heater which laid under the interior of a substantia-compacta ceramic base 
material the wire which consists of a refractory metal (JP,3-261131,A). This wire is spirally 
wound inside the disc-like base material, and connects a terminal to the both ends of the 
wire of a parenthesis. It turned out that especially such a ceramic heater has the property 
which was excellent as an object for semi-conductor manufacture. 

[0003] As ceramics which constitutes the base of a ceramic heater, it is thought that nitride 
system ceramics, such as silicon nitride, alumimium nitride, and sialon, is desirable. 
Moreover, a susceptor may be installed on a ceramic heater, a semi-conductor wafer may 
be installed on this susceptor, and a semi-conductor wafer may be heated. These people 
indicated that alumimium nitride was desirable as such a ceramic heater and a base 
material of a susceptor (JP,5-101871,A). especially ~ semiconductor fabrication machines 
and equipment ~ setting ~ as etching gas or cleaning gas ~ CF3 etc. ~ although halogen 
system corrosive gas is used abundantly, it is a corrosion-resistant point over these halogen 
system corrosive gas, and is because it was checked that alumimium nitride has very 
advanced corrosion resistance. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the alumimium nitride sintered 
compact itself has the description of generally presenting white or off-white. However, It is 
desired for the above heaters and the base material used as a susceptor to be black. The 
amount of radiant heat has more black base materials than a white base material, and it is 
because the heating property is excellent. Moreover, in such a kind of product, when the 
base material of white or gray was used, there is a fault of being easy to come on the 
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surfece of a product out of color nonuniformity, and the improvement was demanded. 
Furthemiore, a base material with lightness [ high whenever /, such as black, dark brown, 
and a black ash color, / black ] smaller than the base material of white or gray is desired in 
respect of a customer's taste. And the base material of white or gray is inferior in the 
radiation characteristic. 

[0005] In order to make an alumimium nitride sintered compact black, adding a metallic 
element (black-ized agent) suitable in raw material powder, calcinating this, and 
manufacturing a black alumimium nitride sintered compact is known (JP,5-64697,B). A 
tungsten, titanium oxide, nickel, palladium, etc. are known as this additive. 
[0006] However, if it adds in an alumimium nitride sintered compact by making a metallic 
element into a black-ized agent in this way, naturally the content of the metal impurity In 
an alumimium nitride sintered compact will become large under the effect of this additive. 
Especially, if la group element, the Ila group element, and the transition-metals element 
exist in an alumimium nitride sintered compact in a semi-conductor manufacture process, 
even if the abundance is a minute amount, it can have a serious bad influence to a semi- 
conductor wafer or equipment itself (for example. It can become causes, such as a defect 
of a semi-conductor). For this reason, making lightness of an alumimium nitride sintered 
compact small is called for, without adding the above black-ized agents. 
[0007] The technical problem of this invention is making lightness of an alumimium nitride 
sintered compact small, and bringing the color close black, without adding metallic 
compounds like sintering acid or a black-ized agent, especially a heavy metal compound to 
an alumimium nitride sintered compact. 
[0008] 

[Means for Solving the Problem] This invention relates to the alumimium nitride sintered 
compact characterized by the peak of carbon being detected by X diffraction include-angle 
2theta=44 degree-45 degree other than the peak of the alumimium nitride which is the 
main crystal phase in the X diffraction chart of alumimium nitride. 
[0009] Moreover, this invention is characterized by using the alumimium nitride sintered 
compact as a base material in the equipment for semi-conductor manufacture. Moreover, 
this invention is the raw material with which a carbon content consists of alumimium nitride 
powder which is 500 ppm - 5000 ppm The temperature of 1730 degrees C or more and 
1920 degrees C or less, and 80kg/cm2 The manufacture approach of the alumimium nitride 
sintered compact characterized by obtaining an alumimium nitride sintered compact is 
started by making it sinter by the above pressure. 

[0010] this invention person hardly contains metallic elements, such as a black-ized agent, 
in the process in which an alumimium nitride sintered compact is studied, other than 
aluminum, but is JIS moreover especially preferably. Z It succeeded in manufacturing the 
black ash color with very low lightness thru/or the dark-brown alumimium nitride sintered 
compact with which the lightness specified to 8721 presents four or less N black. 
[0011] According to such an alumimium nitride sintered compact, it sets in a suitable 
mode, and is JIS. Z Since the lightness specified to 8721 is presenting four or less N black, 
the amount of radiant heat is large and the heating property is excellent. Therefore, it is 
suitable as a base material which constitutes exoergic material, such as a ceramic heater 
and a susceptor. And since the content of the metallic element except aluminum can be 
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lessened very much, there is no possibility of causing semi-conductor contamination etc. 
Especially, in a semi-conductor manufacture process, there is no possibility of having a bad 
influence to a semi-conductor wafer or equipment itself. And on the front face of the 
alumimium nitride sintered compact of this invention, color nonuniformtty was hardly 
conspicuous, the appearance of an alumimium nitride sintered compact became very good, 
and, moreover, commodity value improved remarkably from whenever [ black ] being high. 

[0012] When it explains concretely, this invention person prepares the raw material with 
which a carbon content consists of alumimium nitride powder which is 500 ppm - 5000 
ppm, and is this by hot pressing The temperature of 1730 degrees C or more, and 
80kg/cm2 It was made to sinter by the above pressure. It succeeded in manufacturing the 
alumimium nitride base material of the small dark brown and the small black ash color of 
lightness by this, as described above. 

[0013] Here, in order to prepare the raw material with which a carbon content consists of 
alumimium nitride powder which is 500 ppm - 5000 ppm, there is the following approach. 

(1) Adjust the carbon content in powder to 500-5000 ppm by carrying out specified 
quantity addition of the carbon source to alumimium nitride powder. 

(2) Manufacture the raw material with which a carbon content consists of alumimium 
nitride powder which is 500 ppm - 5000 ppm by carrying out mixed mixing of two or more 
sorts of alumimium nitride powder with which carbon contents differ mutually. In this case, 
three or more kinds of alumimium nitride powder is mixable. However, in a suitable 
example, a carbon content manufactures relatively the raw material which consists of little 
first alumimium nitride powder and alumimium nitride powder whose carbon content is 500 
ppm - 5000 ppm when a carbon content mixes many second alumimium nitride powder 
relatively. 

[0014] Thus, it succeeded in it being stabilized and manufacturing the low alumimium 
nitride sintered compact of lightness by making the alumimium nitride powder containing 
the carbon of a predetermined rate sinter under a high pressure and the temperature of 
the predetermined range. Here, when the lightness of a sintered compact became it large 
that a carbonaceous rate was less than 500 ppm and 5000 ppm was exceeded, the relative 
density of an alumimium nitride sintered compact became low, it became less than 92%, 
and the color tone became gray. 

[0015] Moreover, the eburnation of a sintered compact was not enough in burning 
temperature being less than 1730 degrees C, the alumimium nitride sintered compact 
became white and lightness was also found by going up or more to seven. When the 
burning temperature of the above-mentioned powder exceeded 1920 degrees C, the 
polytype phase occurred too and the lightness of an alumimium nitride sintered compact 
went up. It is the range this burning temperature of whose is 1750-1900 degrees C, and 
especially the lightness of an alumimium nitride sintered compact decreased. 
[0016] Moreover, the pressure at the time of baking is 80kg/cm2. When it became the 
following, it turned out that an AIN-aluminum2 CO crystal phase occurs, or a polytype 
phase generates in addition to an AIN crystal phase, and the lightness of an alumimium 
nitride sintered compact goes up. This pressure is 150kg/cm2 since it mentions later. 
Considering as the above is desirable and it is 200kg/cm2. Considering as the above is 
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much more desirable. However, this pressure is 0.5 ton/cm2, when It sees from the 

capacity of actual equipment. Considering as the following Is desirable. 

[0017] An alumimium nitride sintered compact is JIS. Z It is still more desirable that the 

lightness specified to 8721 is presenting three or less N black, 

[0018] Into the raw material which consists of alumimium nitride powder, addition of 

metallic elements other than aluminum should be avoided, and it may be 100 ppm or less 

preferably. "Metallic elements other than aluminum" means some elements (SI, Ga, 

germanium, etc.) belonging to the metallic elenrient belonging to la-VIIa of the periodic 

table, VIII, and lb and lib and Illb, and IVb here. 

[0019] Here, lightness (lightness) is explained. The objective surface color is shown by the 
hue, lightness, and saturation which are the three attributes of color perception. Among 
these, lightness is a scale which shows the attribute of the vision which judges whether the 
reflection factor on the front face of a body is large or small. The method of presentation of 
the scale of these three attributes is specified to "JIS Z 8721." Lightness V is based on the 
achromatic color, sets lightness of ideal black to 0, and sets lightness of Ideal white to 10. 
Between ideal black and ideal white, each color is divided into ten so that it may become 
rates [ consciousness / of the brightness of the color ], and it expresses as the notation of 
NO-NIO. In case the lightness of an actual alumimium nitride sintered compact Is 
measured, each standard color chart corresponding to NO-NlO is compared with the 
surface color of an alumimium nitride sintered compact, and the lightness of an alumimium 
nitride sintered compact is determined. Under the present circumstances, lightness is 
determined in principle till the first place of decimal point, and the value of the first place of 
decimal point is set to 0 or 5. 

[0020] The relative density of an alumimium nitride sintered compact is a value defined by 
the formula of [relative density = bulk density / theoretical density], and the unit is "%." 
[0021] Furthermore, under the same conditions as the above, when the hot isostatic press 
method was used and this invention person was under the same temperature as the 
temperature and the pressure which were mentioned above, and a flow and pressure 
requirement, he checked that a four or less lightness [ N ] high grade alumimium nitride 
sintered compact could be manufactured. 

[0022] The black-izing of this invention person was high about the alumimium nitride 
sintered compact obtained as mentioned above, and he inquired about the reason lightness 
is low. Consequently, the following fact is found out and it came to complete this invention. 

[0023] That is, about the sample from which lightness serves as four or less dark brown or 
a black ash color, although the main crystal phase was AIN, ALON was generating as a 
subcrystal phase and other crystal phases were not able to be found out. As this was 
shown in drawing 1 as a result of analyzing by X-ray diffraction, it became clear that the 
peak of carbon appeared clearly. This shows that the carbon phase other than the main 
above-mentioned AIN crystal phases and ALON crystal phases is generating. 
[0024] Moreover, from this X-ray-diffraction-analysis chart, the peak corresponding to a c- 
axis side was not detected. This has the slight superficial structure which carries out a 
laminating to the shape of a layer which consists of a carbon atom, or only about several 
layers exist, for this reason mean that the thickness of carbon is very thin. It is thought 
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that this carbon exists near [ grain boundary ] an AIN crystal layer. 
[0025] Although an AIN crystal phase remains, the peak of an AlON phase and carbon is 
extinguished and is no longer detected, so that the X diffraction chart shown in drawing 2 
may show it under nitrogen-gas-atmosphere mind, when the low sample of such lightness 
is heat-treated at 1850 degrees C. This is considered that oxygen and carbon of an AlON 
phase employed to AIN crystal grain. For example, an oxygen atom permutes by N site and 
the color center where this absorbs the light of short wavelength is generated. 
[0026] Moreover, the microstructure of the alumimium nitride sintered compact of above- 
mentioned this invention is shown in drawing 3 . As shown in drawing 3 , the boundary 
part which the minute AlON crystal exists in AIN crystal grain, and a grain boundary is 
hardly seen between each crystal phase, and each crystal contacts is precise, and is in the 
condition that there is no clearance. Drawing 4 R> 4 is an electron microscope photograph 
in which the grain boundary part of the crystal which consists of AIN is expanded and 
shown about the alumimium nitride sintered compact of this invention within the limits, and 
drawing 5 is an electron microscope photograph in which the grain boundary part of the 
crystal which consists of AIN is expanded and shown about the sample of a yellowish-white 
color. An unusual appearance Is not seen between AIN crystals. 

[0027] Reduction nitriding and direct nitriding are known as the manufacture approach of 
alumimium nitride powder. In the invention in this application, also when the raw material 
powder created by which approach is used, the low alumimium nitride sintered compact of 
lightness can be manufactured. The chemical formulas adopted by the all directions 
method are enumerated below. 

reduction nitriding: ~ aluminum2 03+3 C+N2 ->2AIN+ ~ direct 3 COs ~ 
nitriding :aluminum(C two H5)3+NH3 ->AIN+3Ctwo H6 (gaseous-phase method) 
2 aluminum+N2 ->2AIN[0028] aluminum 203 which exists near the front face of 
alumimium nitride powder with the carbon added on this occasion although the carbon of a 
predetermined rate is added, this is heated under a high pressure and it is made to sinter 
in case alumimium nitride powder is made to sinter Reduction arises and AIN generates. In 
the process in which this reduction advances by the following formula (1), (2), and (3), the 
band which absorbs the light of the large range continuously on the front face of an AIN 
particle generates, and it is thought that the fall of lightness is produced. However, at this 
time, the carbon phase must still remain hear a grain boundary. If burning temperature 
becomes high exceeding 1950 degrees C (generation of an aluminum2 OC phase advances 
by the reaction of aluminum2 0+C->aluminum2 OC, a carbon phase decreases, and it is 
thought [ which is generated by the formula (1), (2), and (3) ] that the bands of an 
unstable AIN particle front face decreased in number relatively.). Moreover, also when the 
holding time is too long, it is thought that reduction in carbon arises similarly. 
[0029] (1) aluminum2 03+C->aluminum2 02+CO(2) aluminum2 03+2 C->aluminum2 
0+2CO(3) aluminum2 03+3 C->aluminum2+3CO[0030] The alumimium nitride sintered 
compact of this invention is usually equipped with the main crystal phase which consists of 
AIN, the subcrystal phase which consists of ALON, and the carbon phase. Here, it is x (AIN) 
l(aluminum2 OC)-x. A phase is not contained substantially but it is JIS. Z It is desirable 
that the lightness specified to 8721 is especially four or less N. 

[0031] Namely, 80-100kg/cm2 When alumimium nitride powder is made to sinter by the 
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pressure of extent, the aluminium nitride sintered compact of the gray of lightness 4-5 
may generate. This matrix was equipped with the main crystal phase which consists of AIN 
fundamentally, the subcrystal phase which consists of ALON, and the carbon phase from 
the X-ray-diffraction-analysis result of this crystal phase, and the analysis result by other 
spectrums. On the other hand, it is 150kg/cm2. When the above pressure was adopted, 
the lightness of a sintered compact fell further, and the four or less N thing was stabilized 
and was obtained. 

[0032] And the difference was not seen between the microstructures of the fundamental 
matrix between above both etc. However, as shown in each electron microscope 
photograph of drawing 6 and drawing 7 , about a gray article, it is x (AIN)l(aluminum2 
OC)-x. It became clear that the phase was generating a little. Between AIN crystal phases, 
the minute clearance was generating, light was scattered about in this clearance, and this 
scattered light caused [ of lightness ] a rise around this phase. Therefore, such (AIN) xl 
(aluminum2 OC)-x The lightness of an alumimium nitride sintered compact can be further 
reduced to 4 or less and further 3.5 or less by making it a phase not generate. 
[0033] As a source of carbon added to alumimium nitride powder, the following can be 
used suitably. 

(1) Resin containing carbon. For example, organic resin of the dustability which consists of 
powder of organic resin, such as phenol resin. 

(2) Powder of carbon, such as carbon black and graphite. 

(3) The intermediate product of alumimium nitride with the high carbon concentration 
produced in process of reduction nitriding etc. 

[0034] Dry blending, such as dry type bag mixing, a ball mill, and a vibration mill, and wet 
blending which used the organic solvent can be used for the approach of mixing 
alumimium nitride powder and the source of carbon. 

[0035] The alumimium nitride sintered compact of this invention has the large amount of 
radiant heat, and the heating property is excellent. Moreover, since surface color 
nonuniformity is hardly conspicuous and is carrying out dark brown and a black ash color, 
commodity value is high. For this reason, it can use suitably especially to various kinds of 
equipments for heating. Moreover, since neither the sintering acid used as the source of 
supply of the metallic element except aluminum nor a black-ized agent is used for this 
alumimium nitride sintered compact but each content of metal atoms other than aluminum 
is made as for it to 100 ppm or less, it does not have a possibility of causing contamination. 
Therefore, it is the optimal as an ingredient for high grade processes. Especially, in a semi- 
conductor manufacture process^ there is no possibility of having a serious bad influence, to 
a semi-conductor wafer or equipment itself. 

[0036] Active mold equipment like the arrangement of electrode for RF generating which 
laid the electrode for plasma generating underground into the ceramic electrostatic chuck 
which laid the electrode for electrostatic chucks underground into the ceramic heater which 
laid the resistance heating element underground into the alumimium-nitride base material, 
and the base material as equipment for semi-conductor manufacture which uses the 
alumimium-nitride sintered compact of this invention as a base material, the heater with an 
electrostatic chuck which laid the resistance heating element and the electrode for 
electrostatic chucks underground into the base material, and a base material can illustrate. 
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[0037] Furthermore, each equipment for semi-conductor manufacture, such as a lift pin for 
supporting the dome for generating the tube for generating the susceptor for installing a 
semi-conductor wafer, a dummy wafer, a shadow ring, and the high frequency plasma and 
the high frequency plasma, a high frequency transparency aperture, an infrared 
transparency aperture, and a semi-conductor wafer and a shower plate, can be illustrated. 
[0038] As for the heat conductivity of an alumimium nitride sintered compact, it is desirable 
to carry out to more than 90W/m and K especially in the application as a base material of 
members for heating, such as a ceramic heater, a heater with an electrostatic chuck, and a 
susceptor for semi-conductor wafer maintenance. 
[0039] 

[Example] ((A) Experiment) 

As it was the following, each alumimium nitride sintered compact of the experiments Al- 
A12 of Table 1 and 2 was actually manufactured. As an alumimium nitride raw material, the 
high grade powder manufactured with reduction nitrlding or direct nitriding was used. In 
each powder, the content of Si, Fe, calcium, Mg, K, Na, Cr, Mn, nickel, Cu, Zn, W, B, and Y 
is 100 ppm or less, respectively, and any metals other than aluminum were not detected 
other than these. About each example of an experiment, a carbon content is shown in 
Table 1 and Table 2. 

[0040] By carrying out 1 shaft pressing of each raw material powder, the preforming object 
of a disk configuration was manufactured and hotpress baking of this was carried out In the 
state of seal. The holding time in the burning temperature in this baking phase and each 
burning temperature and a pressure were changed as shown in Table 1 and Table 2. About 
the alumimium nitride sintered compact of each example, the main crystal phase of a 
sintered compact and other crystal phases were measured by X-ray diffraction analysis, 
moreover, the relative density of a sintered compact ~ from bulk density/theoretical 
density ~ computing ~ this bulk density ~ Archimedes ~ it measured by law. Since the 
theoretical density of a sintered compact does not contain sintering acid with a big 
consistency, it is 3.26g/cc. The amount of carbon in a sintered compact was measured by 
elemental analysis. The color tone of a sintered compact was measured by viewing, and 
lightness was measured as mentioned above. 
[0041] 
[Table 1] 
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[0042] 
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[0043] In the experiment Al besides this invention, the amount of carbon is set to 150 
ppm, burning temperature is made into 1800 degrees C, and it is a pressure 200l<g/cm2 It 
carried out. In the obtained sintered compact, crystal phases other than an AIN crystal 
phase are only AION(s), and the carbon phase was not detected by X-ray diffraction 
analysis. This color tone was gray. In the experiment A2 of this invention within the limits, 
the amount of carbon is set to 500 ppm, burning temperature is made into 1800 degrees C, 
and it is a pressure 100kg/cm2 It carried out. In the obtained sintered compact, the AlON 
crystal phase and the carbon phase were detected. The color tone of this sintered compact 
was a black ash color, and lightness was N3.5. In experiment A3 besides this invention, the 
amount of carbon is set to 750 ppm, burning temperature is made into 1700 degrees C, 
and it is a pressure 200kg/cm2 It carried out. The carbon phase was not detected in the 
obtained sintered compact. The color tone of this sintered compact was white. 
[0044] In experiment A4 in this invention, the amount of carbon is set to 750 ppm, burning 
temperature is made into 1750 degrees C, and it is a pressure 150kg/cm2 It carried out. In . 
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the obtained sintered compact, the AlON crystal phase and the carbon phase were 
detected. The color tone of this sintered compact was a black ash color, and lightness was 
N4. In experiment A5 in this invention, the amount of carbon is set to 750 ppm, burning 
temperature is made into 1850 degrees C, and it is a pressure 50kg/cm2 It carried out. It 
sets to the obtained sintered compact and is x (AIN)l(aluminum2 OC)-x besides an AlON 
crystal phase and a carbon phase. The phase was detected. For this reason, although the 
color tone of a sintered compact had become gray, as mentioned above, it checked that 
black-ization of a matrix was advancing notably. The result also with the good experiments 
A6 and A7 in this invention was obtained. 

[0045] In the experiment A8 besides this invention, the amount of carbon is set to 750 
ppm, burning temperature is made into 1950 degrees C, and it is a pressure 150kg/cm2 It 
carried out. In the obtained sintered compact, it had become a polytype except the AIN 
crystal phase. The color tone of this sintered compact was opalescence, and lightness was 
N8. The good result was obtained in experiment A9 in this invention, the experiment AlO, 
and the experiment All. In the experiment A12 in this invention, the amount of carbon is 
set to 10000 ppm, burning temperature is made into 1800 degrees C, and it is a pressure 
200kg/cm2 It carried out. In the obtained sintered compact, the carbon phase was 
generated and black-ization of a matrix was advancing notably. However, since porosity 
increased, the lightness of the part and the whole sintered compact had been set to N5. 
[0046] Among these, the X diffraction chart of the sintered compact of experiment A6 is 
shown in drawing 1 . Each peak which shows AIN, AINO, and a carbon phase is checked. 
Moreover, the microphotography in which the ceramic organization of the sintered compact 
of experiment A6 is shown is shown in drawing 3 , and the ceramic organization near 
[ this ] a grain boundary is shown in drawing 4 . The same X diffraction chart and the same 
crystalline structure were checked also about the sintered compact of experiment A2, 
experiment A4, experiment A7, experiment A9, experiment AlO, and experiment All. 
[0047] The ceramic organization of the sintered compact of experiment A5 is shown in 
drawing 6 R> 6, and this enlarged drawing is shown in drawing 7 . The X-ray-diffraction- 
analysis result of a matrix part and the analysis result of the absorption spectrum of the 
light were the same as that of the thing of experiment A6 during this organization. 
However, xl(aluminum2 OC)-x which looks black to in this matrix (AIN) The phase existed, 
few openings existed between this crystal grain child and an AIN crystal phase, light was 
scattered on it in this opening, and it has shone white. The organization of the matrix of 
this sintered compact is the thing of the alumimium nitride sintered compact of the 
invention in this application fundamentally, and black-ization is seen relatively and is 
advancing. However, the lightness of a sintered compact is going up to N5 by the 
aforementioned scattered light. 

[0048] Subsequently, the experiment which heat-treats the sintered compact of the 
aforementioned experiment A6 in nitrogen-gas-atmosphere mind was conducted. When 
this sintered compact was heat-treated at 1850 degrees C for 2 hours, only the periphery 
part of a sintered compact changed to the yellowish-white color, and the color tone and 
lightness for a core did not change. From the X-ray-diffraction-analysis result of the part 
colored the yellowish-white color, this main crystal phase is an AIN crystal phase, and the 
peak of an AlON phase and carbon is extinguished and is no longer detected. Change was 
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not looked at by relative density and the lattice constant ratio. 

[0049] Near the front face of the sintered compact of experiment A6, it is thought [ the 
oxygen in nitrogen-gas-atmosphere mind, the oxygen of an AlON phase, and ] that carbon 
dissolved to AIN crystal grain further. Inside a sintered compact, advance of such a reaction 
is considered to be a late thing. 

[0050] ((B) Experiment) Each alumimium nitride sintered compact of the experiments Bl- 
B15 of Table 3, Table 4, and Table 5 was actually manufactured like Experiment A. As an 
alumimium nitride raw material, the high grade powder manufactured with reduction 
nitriding or direct nitriding was used. In each powder, the content of Si, Fe, calcium, Mg, K, 
Na, Cr, Mn, nickel, Cu, Zn, W, B, and Y is 100 ppm or less, respectively, and any metals 
other than aluminum were not detected other than these. 

[0051] In the experiment Bl, the alumimium nitride powder (the amount of carbon of 500 
ppm) obtained by reduction nitriding was used. In other experiments, many additives were 
added relatively [ a carbon content ] to the alumimium nitride powder of each carbon 
content. As this additive, in some examples of an experiment, resin was used and many 
alumimium nitride powder was used relatively [ a carbon content ] by other examples of an 
experiment. As the aforementioned resin, the powder of phenol resin was used and the 
addition was displayed. What was obtained by reduction nitriding was used as the 
aforementioned alumimium nitride powder, and the carbon content and addition were 
displayed. Moreover, the total amount (ppm) of carbon of the raw material powder after 
mixing was displayed. 

[0052] By carrying out 1 shaft pressing of each raw material powder, the preforming object 
of a disk configuration was manufactured and hotpress baking of this was carried out in the 
state of seal. The holding time in the burning temperature in this baking phase and each 
burning temperature and a pressure were changed as shown in Table 3, Table 4, and Table 
5. About the alumimium nitride sintered compact of each example, the main crystal phase 
of a sintered compact and other crystal phases were measured by X-ray diffraction 
analysis. Moreover, the relative density of a sintered compact, a color tone, and lightness 
were measured by the same approach as Experiment A. 
[0053] 
[Tables] 
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[0056] In the experiment Bl in this invention, tlie alumimlum nitride sintered compact of a 
blacl< ashi color was obtained. In experiment B-2 in tliis invention, 83, B4, 85, and 86, tlie 
alumimium nitride sintered compact whicli all has the color tone of a black ash color was 
obtained. In the experiment 87 besides this invention, in order that the eburnation of a 
sintered compact might not advance since burning temperature is as low as 1650 degrees 
C, and a carbon phase might not generate, the color tone of a sintered compact became 
white. The sintered compact of a black ash color was obtained in the experiments 88 and 
89 in this invention, the experiment 810 in this invention - a pressure - 70kg/cm2 it is - 
although - in the obtained sintered compact, although the carbon phase was generated 
and black-ization of a matrix was advancing, the lightness of the whole sintered compact 
was going up. The ceramic organization of this sintered compact is xl(aluminum2 OC)-x 
which looks black between matrices (AIN) like the sintered compact of experiment A5. The 
phase existed, few openings existed between this crystal grain child and an AIN crystal 
phase, light was scattered on it in this opening, and it had shone white. 
[0057] In the experiment 811 besides this invention, since burning temperature was too 
high, it became a polytype except the AIN cr/stal phase, and the color tone of a sintered 
compact became opalescence. In the experiments 812, 813, and 814 in this invention, the 
alumimium nitride sintered compact which has the color tone of a black ash color was 
obtained. In the experiment 815 in this invention, the total amount of carbon of the whole 
alumimium nitride raw material powder is 7600 ppm, and the AlON cr/stal phase and the 
carbon phase were generating as crystal phases other than an AIN crystal phase. However, 
since sintering of a sintered compact did not advance but relative density had stopped to 
88.0%, lightness was N5. 

[0058] (Heating experiment of a wafer) With the alumimium nitride sintered compact 
manufactured by the experiment A6 of this invention, the plate with a diameter [ of 
210mm ] and a thickness of 10mm was prepared, and it installed in the vacuum chamber 
equipped with the heating device according this plate to an infrared lamp. The silicon wafer 
with a diameter of 8 inches was put on this plate, and the thermocouple for measuring 
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each temperature of a plate and a silicon wafer to coincidence was attached. As this 
infrared lamp, 20 things which have an infrared peak were attached before and after 500 
the wavelength of 1 micrometer of W at the reflecting plate made from aluminum, and this 
reflecting plate and each lamp were installed in the outside of a vacuum chamber. 
[0059] Directly, after being reflected by the reflecting plate, the infrared radiation emitted 
from each infrared lamp passes the circular quartz aperture (5mm in the diameter of 
250mm, thickness) prepared in the vacuum chamber, reaches an alumimium nitride plate, 
and heats this plate. 

[0060] Each infrared lamp was made to generate heat, the temperature of a plate was 
raised in 11 minutes from a room temperature to 700 degrees C, it held at 700 degrees C 
for 1 hour, the infrared lamp was suspended next, and the plate was made to cool 
gradually in this heating apparatus. Consequently, the power consumption of an infrared 
lamp was maximum 8600W, and the stable temperature control was possible for it. 
Moreover, when the temperature of a silicon wafer was measured and the temperature of a 
plate was held at 700 degrees C, the temperature of a silicon wafer was 611 degrees C. 
[0061] Moreover, when the experiment same about experiment A2, A9, and the alumimium 
nitride sintered compact of AlO and All was conducted, the same result as the above was 
obtained. 

[0062] (Heating experiment by the example of a comparison) next, the alumimium nitride 
powder which was obtained with reduction nitriding and whose carbon content is 750 ppm 
~ using it ~ this powder ~ the cold isostatic press method ~ 3 t/cm2 It pressurized under 
the pressure and the Plastic solid of a disk configuration was manufactured, this Plastic 
solid was calcinated at 1900 degrees C for 2 hours, and the white alumimium nitride 
sintered compact whose consistency is 99.4% was manufactured. This sintered compact 
was used and the heating experiment of a silicon wafer was conducted like the above. 
[0063] Consequently, power consumption was set to a maximum of lOkW, and 2-minute 
room [ about ] delay was looked at by temperature rise time. Moreover, when the 
temperature rise between a room temperature and 700 degrees C and the heat cycle of 
descent were repeated as mentioned above, it was easy to produce an open circuit of an 
infrared lamp. Moreover, when the temperature of a silicon wafer was measured and the 
temperature of a plate was held at 700 degrees C, the temperature of a silicon wafer is 593 
degrees C, and it became clear that the temperature of a silicon wafer was also falling as 
compared with the above-mentioned example of this invention. 
[0064] (Laying-under-the-ground experiment of an electrode and a resistance heating 
element) Alumimium nitride powder with a carbon content of 750 ppm manufactured with 
reduction nitriding was used like the experiment A6 of this invention, the coil (resistance 
exotherm) which consists of a wire with a diameter [ made from molybdenum ] of 0.5mm 
was laid underground into this powder, and the electrode made from the molybdenum of 
the shape of a cylindrical shape with a diameter [ of 5mm ] and a die length of 10mm was 
connected and laid under the coil of a parenthesis. 1 shaft pressing of this laying-under- 
the-ground object was carried out, and the Plastic solid of a disk configuration was 
acquired. Under the present circumstances, the superficial configuration of the coil laid 
underground into the Plastic solid was made into the shape of spiral shape. 
[0065] It is the Plastic solid of a disk configuration at 1800 degrees C by hot pressing 3 
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hours and 200kg/cm2 The alumimium nitride sintered compact was obtained by holding 
under a pressure. Into this alumimium nitride sintered compact, an aforementioned 
resistance heating element and an aforementioned molybdenum electrode are laid 
underground. This molybdenum electrode can be used as an electrostatic chuck electrode, 
and can be used as an electrode for RFs. 
[0066] 

[Effect of the Invention] Without adding metallic compounds like sintering acid or a black- 
ized agent, especially a heavy metal compound to alumimium nitride according to this 
invention, as stated above, lightness of an alumimium nitride sintered compact can be 
made small, and the color can be brought close black. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the chart which shows the result of X-ray diffraction analysis of the 
alumimlum nitride sintered compact concerning the example of this invention. 
[Drawing 21 It is the chart which shows the result of X-ray diffraction analysis of the 
alumimium nitride sintered compact concerning the example of a comparison. 
[Drawing 31 It is the electron microscope photograph in which the ceramic organization of 
the alumimium nitride sintered compact concerning the example of this invention is shown. 

[Drawing 41 In the alumimium nitride sintered compact concerning the example of this 
invention, it is the electron microscope photograph in which the surrounding ceramic 
organization of the grain boundary of the particle of an AIN cr/stal phase is shown. 
[Drawing 51 In the alumimium nitride sintered compact concerning the example of a 
comparison, it is the electron microscope photograph in which the surrounding ceramic 
organization of the grain boundary of the particle of an AIN cr/stal phase is shown. 
[Drawing 61 It is x (AIN)l(aluminum2 OC)-x between the matrices which consist of a 
particle of an AIN crystal phase. It is the electron microscope photograph in which the 
ceramic organization in the condition that the particle of a phase is generating is shown. 
[Drawing 71 The matrix of drawing 6 , and (AIN) xl(aluminum2 OC)-x It is the electron 
microscope photograph of the ceramic organization which expands and shows the particle 
of a phase. 
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m' J!iU:©BE:^j-r«fefe3-j*fc. cn{c<j:-:.t:. mrteufc 
J:^«:Wfi©/jNSCi. Miife^HRfew^^br^us--? 
A»«*Kifrsci«:fiiWjLfco 50 
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[0 0 13] CCr. g^^*S*S5 0 0 p pm~5 0 
0 0 p p m-C&iM^br^l' 5 Ata5fc{p6!5:4I^* 

( 1 > MfbT-'i/s^^'jAestsjcwu-c. mmmimMm 

aSJOf •5C<kK:j:-:,r. l&5«;tti©g^^WS=S: 5 O O - 
50 0 0 p pmtCiiS-r^). 

( 2 ) S*^«fi*«S!&:iffl8:«0^<bT^l' 5 - At& 

^i:m>K.m^m^-ricticj:r>x, sm^mmi/is 

0 0 p pm~5 0 0 0 p pmr*iS<bT^l'5^'>A|& 

5^e.fti.M4*»3§-r2.. c©sgK:»> ssseui© 
fbr ;i' 5 - Ai&^ <b . ^^«fi*iffistw{c^n»^- 

©^{bT;i'S^':>A«J*i4S^-r^c<»:{cj;-5-c. ^ 
5R#WS*i5 0 0 p p m~5 0 0 0 p p m-Cfti^^br 

[0 0 14] C©J:^k:, gfSSll^ieS«r#WrS^ 

5-'5A«agtt«:SSL.-CSj3tr-SCi«:fiKftOfc. C 
c-c. ^^©Sll^*«5 00 ppm*?@r*Si, jgfeISi* 
©?gaa)«:*:#<^cO. $fc50 0 0 p pni«rS^^)i. 
S<brJl' 5 A«aS»©fafcf!BK**{5< ^J: , 9 2 % 

mmttj:!). ^©ais*sRfe{c^c-?fc. 

[0015] fig^SsW 1 730 -C^SI-C^S 

i. «6tef*©iS»Sgib*i+»-c«&<. ^^br;U5-'i;A 
*i*lJo/c, JJBi»5R©flfiRSS3W 1 9 2 0 'C^m^i 
iBft©Wffi*i±SL/ft:, C©j6SBSiaS*i 1 7 5 0-1 9 

oo-c©®Hr. !|#{c^{bTii'5-'i7ASi<g{i^©i§s*i 

[0 0 16] «S^©ff^*i8 0 k g/cm' * 

Sli^J-Si. AIN-Ai. COifeStB**»*l//c»J, 
A 1 N<SSffl«i1-{C'J< 3f >r 0 L-C. S 

{brat's :::-'i>ASBS»©^@[*5±Sr*C t*StoAio 
fc. C©a:/3»> f*3^-r-5Sfi3!r«6. 150 kg/cm 
• fe^±t-r4£:t*J»*L<. 2 00 kg/cm' «± 

©f6a©ffi:tl*\6M-Si. 0. 5 t o n/cm' WTi 

[0 0 17] ^<bT^l'5-'i?A«Stem*. J I S Z 
8 7 2 1 {C«:£-r 3 WT©lie«rSl/-Cl>-5 

[0 0 18] ^<br^i'5^'?A»5Mi»6JfeSll*44'«: 

». 7)\'S.~'y AJ(ilJ^©#Jll7cSB©^SD«rS w s * r 

»*L/<«i OOP pmtiTi-rs. cc-crr 

jUS^r^-JAtlJI-O^lllTESSj i«. SW^a©! a~V 

1 I a, V I I I . I b. II b «C)li-rS#Jl7cfR*J <fc 
iyf I I I b . I V b {CMf «>7C^©— SP (Si. G a , 



(4) 

5 

Gem *(.^^. 

[0 0 19] CCr. m& (Hqhtness ) «:-:>C»rSilB 

T4. ^»<Dmm&it. feai^©3»iii4-cs>^&ffi. ?b 

rjis z 8 7 2 1 J {c^3<iri,s 

*ai«:-s<fc^«:sa*i o^SdL. No~N loots 
sjs-rs^Kji. No-N 1 0{c5sfj;E-rss«!peM 

L/r/JSBL"^.-(4S-cigS%^U, *>o/j>^.±i-fii©«i 
tjos/cast-rs. 

[0020] mikTJi z~'t)j^mm»<oimMmmtit, 

[002 1 ] MK. jiiB<!:Rfil©^#T 

[002 2] :^^m^it. ±ia©J: ^ ccur^enA:^ 

>X©Wt=&mi»?i:0. (CM 
[0023] IP^. l«S*i4«T©ll*i&*/c«IIKa 30 

l5lJT^«f*tfofcMm. «^^«0l(c^-rJ:^K:. mm 

{c*-5j<>©f-**s^n-5c<t5&q9i?gi//to cn». 

±SE©SS0:A 1 N|gSffi*5j:0fALON<gmi©ffe 
[0024] Sfc. C©XffillBlJr^#r^*-h*>6«. 

A 1 NteS@©f4l!tiaiafC??iE-rSfc©<b#^6*x4. 

[002 5] c ^ bfcqBS©®^*^^^*, msim^mnT 

t?. mtf 1 8 50*CrSfeA!^-rS<b. H2{C7n-rXl^ 
Il«f5^-i'- h*>6i|9l^.J:^{c. A 1 Nteati«8iaT4 
ifi. Al ON^*sJ:tfij"^><Dk:'-{^itmmL. 
Sn^t<J&:o/c. CtiB. A I ONta©K^-^>*-jJ<> 

3WA 1 NtestfttcMfflLfcfcwi^iens. m^it. 
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[002 6] ±ffi©*^?B©S<br ^-^ASg 

te(t©Si«J&«r03{c^-ro 03Cc^rJ:^{c. A 1 N 
ttStirtJCIS/KjrA 1 ONteS!6i?¥«Ebr*J»). SfeS 

■r4J^i?aj»«aKg-c^©i&t»t^K:ft-,ri,»4. s 
4«. *M?B©effli*i©S^brii/5-'i7A«ite*«:r)i,> 
■c. A 1 N*>6*«.teB^esaJ^*ifc*cL.r^r«^^ 
Si»^X-c4>»), H5«. liae:©sm«:oc>r. A 

A 1 Nites©ra{c». gfflttm^n^co. 

[0027 ] ^<tT;l'5-'5Al9*©»jS*ffii LX 

it. ^i7cIi^bffi^B:«mffi^^»»Ie.n-c^,»4o 
?B{c*jt»r«> t,»rn©:*j4-cf^fi£L;fejii^t&**«&ffl 
o/c«^{c«>. ?i|ft©<g(,»^<br;i/5^'t;A«fefeft:«rtS 

jl7C^{b:ffi : A I , O, + 3C + N, — 2A1N+3C 
O 

m.mmim : A i (c, h. ) , +nh, — a i n+3 

C. H» (mtiffi) 

2 A 1 +N, — 2 A 1 N 

[0 02 8] ^{br-'l'S-'f A©^*fifeS§-esKic 

». ff5£sa^©*-5j<>*«^snL. ctiimi^>s.^r-c 

KJ: or^{bT;i'5 -■i'At9*©^ffi#iaK:#SE-r*A 
1, O, ©S7t:*i^i;. AlN*i^T-So C©a7C*i 

Tia©s: ( 1 ) . ( 2 ) . ( 3 ) tc J: o-r jitT-r 5jag 

■C. A 1 Ntl^©afficc:. j2:i»liSH©»I1S3fe%ai«lfi«J«: 

f=t&icm^VC\,''rj:»tHSrj:i^rj:lK «&5SSSAi 1 9 5 
0'C4aiLTil5<!6:4i, ( A 1 . O + C— A 1 , OC 
©SJetCfcoTA I , OCffi©*fi£3&iii?f L. *-iJ<> 
( 1 ) . (2), (3)«:J:oT^-r 
-5ffl*tt«»{c;FS3£)5:A 1 Nfi^SMO-'O KJii«iJ>Lfc 

meifc * - jK>©ja^**^-r 4 © i ^ n s . 

[0 029] (l)Al, O, +C— Al, Oa +CO 

(2) A1. O, +2C-»A1, 0+2C0 

(3) A 1 . O, +3C— A 1 , +3 CO 

[0030] :^^m<omitr)i 5 as 

it. A 1 N3!pP>/j:4iilSSffli. ALON*i6«c41il^ 

N) . (A 1, oc) mimrnmic-^m-^-r. j i 

S Z 8 72 l{ca3£-rSIHS*SN4J«Tr**Ci 

[0 03 nan^. 80— lOOkg/cm' ge©)E 
:tj-C^{bT^l'5-'>A»5R?:i^S#5i. ?Ba4~5 
©Ka©lifbT 5 - >i; A«M»*i^fi£^ i>CHfiS> 



A 1 N*>6*4^Sta<!:. ALON3&>6«C-SllI«iatB 
<b. *-jK>ffii*fi;i-Ct>fc, — 15 0kg/c 

[ 0 0 3 2 ] -e LT. ±S©M«<Dra<D»*ffi^j: V h >; 

R&accoOTt* (A 1 N) . (A 1 . OC) ... tBAi 10 

ma-c^imii u . c ©istsijc*ii8S©Ji^©iiH t 

o-C(,>fc. Sto-C. COJ:^^t (A 1 N) . (Al, O 
C) ... mifi^Ltj:(,>J:'iiC-ri>CfC, mitTfVZ 
-:^'?A«fefett©IBS«r4«T. M{C»3. 5Ji(T'^t— 

CO 0 3 3 3 ^<bT;u5-'^A|&5^K*fot:^ftnf .a* 
^x©<>©«rifjSK:fiE«r#-5. 

( 1 ) ^i-^mrmsm, m^Lity ^ ^-^u^si^© 20 

(2) *-5j<>:r^:^i'. i^^7r-< h^©l^©t9 

(3) m7cmitmm<Dmm-cmmr?> ij-^:yism.<Dm 

C 0 0 3 4 ] ^Ytr;i' 5 Ata^i *-*f>iS<t*S 
^-rST^rtett. !K-;i/5-iu. S«i3;u^© 

[003 5] ^^'m<r>mitr)i' 5 --i; AS&emj. us* 

m^mt. r;U5::-'^A=&|^<^il7cJR©«if&iSt^j:S 

mm^^msi. i>-rtii> 1 0 0 p p mj^TK-ctf s 
©-C. j^ss^^c-rfe-e-tiTtjiftt*. fie-:>r, is*iefl[:?'ci 

[0036] *»?l©S{bTJl' 3 ^-i; A«fee»«:S«i 
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x-7^IH«i*aia:L/c?ifSiS^M«@Sgg©J: ^ 

[0037] HtC. ^|i«fl:'?i>'>-*SSr.5/t«f)©-y- 
^X-5';|:^3-«+*A:*©?=^:x-:;'. 

jg. ^^^*^*•^>x-'^-?r3m■^■sfc^&©'J7 h 
■7-«i^©#*3i«c»jiffligi*^-r * c i3&i-c# 

[0 03 8] mitTJVi^K^M.m^^oym&imit, ^ 

mitLX(Om'^iC*st.^X. 9 OW/m • Ktt±i^4 

[0039] 
[^iif^] (Hi^A) 

«T©«i:^«:L-C. HKK:.^ 1 *jJ:cf«2©||iSA 1 
~A 1 2©SS^bTJl'5^'^A«fefef*:*SjfiL/i:. ^<b 

Til/ 5 - >t; u-c«. MTtmtms. fcimmmit 

Iri-C. Si. F e. C a. Mg. K. Na. C r . M 

Ni, Cu. Zn. W. Y©$Wa:»-€-<a-eti 
1 0 Op pm«T-C*«5. T^U 5 ^■:> A«J1-©^feM«. 

[0040] si]^»5^«r-f*flnffi5»^-r 5 c i set 
s. s«8fiKaef-r©«^ra. je:^*. ai. ^2{c^ 

•rj:'){c^MO/t. #t«©^^br;i'5^'i;A«fe|$«c«c-o 
c>-C> MiSft©^S«. *©f6©lgSffl*XiSliI*f^ 
#f{cJ:ot:S!l3£l//c. Ss/c. MifS»©ffij^!gS». SIB 

s/ai&!es*>6©uib. c©sags?:r;i'+>f'^a 
jgasawj^^WL-rci^dTiiCid^e. 3. 2 6g/cc 

■C*4. gas«:tti©*-!J^>fi%7^^«f«:j:-:.-ciiM 
b/c. «£*S(*©eS3«a««:j:-5-CS'J5gl/. Wffitt, «r 
»©<fc^K:SJ5£L/c. 
[0 04 1 ] 

[^1 ] 
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9 10 





^Al 




smA3 


MA 4 


3»A5 


1l£CfcA6 


A I H^-rn 














( p p fny 


1 5 0 


5 0 0 


7 5 0 


7 5 0 


7 5 0 


7 5 0 




18 0 0 


18 00 


1700 


17 5 0 


18 5 0 


18 0 0 




2 


1 


2 


2 


2 


3 


t£J} Ckg/M » > 


2 0 0 


1 0 0 


2 00 


1 5 0 


5 0 


2 0 0 




A I N 


A J N 


A IN 


A 1 N 


A 1 N 


A 1 N 




ALON 


ALON 


ALON 


ALON 


ALON 
AIN-AU CO 


ALON 




0 9.5 


98. 0 


fl 7 -. 0 


9 8. 5 


9 7.0 


98. 5 


'-KXDS (ppn) 


1 5 0 


5 0 0 


7 4 0 


7 5 0 


7 5 0 


75 0 


















N5. 0 


N3. 5 


N8. 5 


N4. 0 


N5. 0 


N3. 0 



[0 04 2] * * C^2] 





%ttA7 


l»A£ 


%KA9 


mAio 


3[fitAll 


igetAi2 


A 1 Ntd^ 














CD Pm) 


7 5 0 


7 5 0 


10 0 0 


5 0 0 0 


5 0 0 0 


lOOOO 




19 3 0 


19 5 0 


18 0 0 


1 B 0 0 


18 0 0 


18 0 0 




1 


4 


2 


2 


2 


2 


£E/J (kg/cB * ) 


200 


15 0 


2 0 0 


2 5 0 


2 5 0 


2 0 0 




A I N 


A 1 N 


A 1 N 


A I N 


A i N 


A 1 N 




ALON 


-f 


ALON 


ALON 


ALON 


ALON 




9 5.0 


9 9.5 


9 7. 0 


9 6. 0 


9 2.0 


9 0.0 


(ppn) 


7 5 0 


7 0 0 


9 5 0 


4 8 0 0 


4 0 0 0 


9 8 0 0 




mBim. 














N4. 0 


N8. 0 


N3. 5 


N3. S 


N4. 0 


N5. 0 



[0043] *S?8n©*ilA 1 «:*JC»-C«. 
©Si 1 5 0 p p m<k U> SlfiKaS* 1 8 0 0 -Ci L. 

l»-C. A 1 NieSffl«J^©ISSti»A 1 ON©i5^-C* 

2K:*Jl»-ClJ. *-^>©S*5 0 0 p prntL. SIfiSE 
iSffi*! 8 0 0'CiL/. EE*«:1 00 ke/cm' i U 
/c. »P>nA:«fe(Si*K:*Jl,i-C. A 1 ONttStB*Jj:iyf* 

liK«N3. 5t?*-5/i:o *^l«i1^*KA3{C*5 
*-.-l<>©fi*7 5 0 p pmiU> j^iiS* 
1 700'CiL. ffi^*2 0 0 k g/cm' ib/t, # 

[0044] *^l§rt©IIKA 4 -Cti. 
7 50ppmiL. StfiSSfi* 1 TSO'CiU. E^J* 



ISOkg/cm' iU/c, »6nfe^»«:*jl^r. 
A 1 ONiKa^*jJ:0£*-5K>ffi*stftm3*i;fc. C©« 
ife<*©eS«ll0tfe-C*O. ?8S»N4-C*-:>/c. 
l8F«3<7^iKA5-C«. *-5K>©fi*7 5 0 p pmt 
L. «lfi5Eiafi?r 1 8 5 O'CiL. )Et;«r5 0 k g/c m 

40 *-jJ<>tB©ffi«:. (A IN). (AljOC),.. ta 
irnxmcxfc, c<Dttitic. «8«{*©eiS{iKfe«:/io 
rt^fcj&J. MjSLfcJ:^Jc. V h V i';^©llfem*Si 

6. A7-C«>SJfAj:|g^f§6tifc. 

[0045] *:^^1-©SmA 8 Ttt. ij-^XD&i 
7 50ppm<tL. «EfiSSa*l 9 5 0*CiL. ffi^* 

150kg/cm' tLfc. mhtltc^i^iCi6i.^X. 

fl:©eisimear*«3, i«a«N8r*ofc. 

50 i*3©ieKA 9 . UKA 1 0 . sin A 1 1 rts. 
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fiSrlOOOOppmiL. «gfiSaaS*l 8 00'Ci 
2**2 0 0 kg/cm' <!: Lfc, mf^tltcmSW 

[0 04 6 J i:©'*^. jli^A6<D«a$(*©X«I51«f5' 

•f- h*H 1 tCTj^-r. A 1 N, A 1 NOiaJ:c;f*-^> 
ti^jn-rSf-rJ'AiFiSSna. IIKA6<D«feg 10 

c©as^*ifi©-fe7s t»i7Xiaai«rS 4 {cs^-r. hha 
2. iiiiA4. mmAi. mmA9. ukaio. UK 

A 1 l©j^fl:KOC»r^>. |^«©Xi®0«f?- + -h*i 

[0047] ^KA 5 ©«ae«:©H2^ 5 f >;iHJa=&0 

r. vh U ^,^>^g|5^©XiSH*f^}*fiS«. isjzcfojm 
51c©KiRX-^d? hJl.©^«fJSm«. SlilA6©*>©illl 
«t?*ofc. L/*5L,. C©vH; yi':^tfK. ||<M^ 20 
S(AIN). (A 1 , OC) ... tadigfiLrfcO. 

c©iese^<bA 1 N<gata<i:©ra{cfii*^^c^*s#iE 
c©^i»cc*ji»-r3(£3{isista3n. a<*ot:i,».5,, 
c<Djmw(o-7 h ij 5, i'x©ifl«s«. m^mtcit, 

^?8©^{tT;l' 5 - -i? A«fefef^© fe©-C* tl . Ilfe<t« 

^^^^^^^©laSdJN 5 *-C±SL/r (,».5. 
[0048] yiCC>-C. m^ommA e ©jgfeeftSr^# 

o'cv2^mm!!M-ri>t. «feei*©i^saft9-©**s« 30 

aSK^^bU. tlJ'C»S5»©feia*J<l:i:X?aa[»^<bb«:*> 
o/c, SiafeK:^feL./cg|J^OXiSJIiI»f^#filS**>6. 
C:©^StB{a:A 1 NiSSffl-C*0. A 1 ONta*sJ:CX 
:<;-!i<>©f-i;«r«iai^> *IUi3n>5:< «:o/c. taSt 

[0049] mmA 6 ©«gife«i©«iBftia-c», 
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ffla4i©i?^-^A 1 ONtB©K^. $6«:*-jJ^>*iA 
1 NteStftCCSSbft:fe©<!:^i6n4. filie«:®rtaj 
C ^ l/fcSl£;©imf*SilC^fe©<!:#x.^*i€,. 

[0 05 0] (.^B) mmAim&icLx. msiic. 

S3. S4. S5©||KB 1~B 1 5©S^^kT^^5- 
Bm^i^mi-tc. S»5|5K:*jU-C. Si. Fe. C 
a. Ms. K. Na. Cr. Mn. Ni. Cu. Zn. 

w. B. Y©^ws». -en-em 0 0 p p mJWT-c* 
•5. T;i'5^'i'AJWJ1-©^«. cn6Jai+l*liai3*a 

[005 1 ] HKB 1 ic*si,»xit. jlT^fbStcJror 

^^n^t^fbr-iUS-'^JAtasS (*-sK>«5 0 0pp 

m) i^mutco flfe©siK{ci8t>r{t. 
fi©S'fbrjU5-'?A<»*«:*fo-c. ^-sjo^ws© 

7K>^«a©tBi««j{c^K,>^<bT;u s - -i- A»**ffiffl 
L/C. «ria©«flii br«. 7*^->»i/«fl§©l9**« 
fflu. ^©8sais*a^tyfc. l5a©S{bT;U5-'>A 

0. e©*-!j«>^ws*j<i:c;fasflns*^^L/fc. s 
tc, m.^^<Dmnm^om:f3-^>m ( p p m) 

[0052] SJ^©3R*-^JjnEE(SjeT-S C i fcj; -:. 

-c. Ri8ji5t^e©^fi5cJK(*4»jiL. ctiimamv 

5K:^-rJ:^cc^0/c. ^©^'fbT;U5-'!7A«M$ 
<*«:ot»-c. «Site«:©^sffl. e©te©*ssffl%Xigi 

eia. ^s*. i^A<!:i^«©:&ftTa!i^L;t. 

[0053] 
[«3] 
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X3 14 







%ttB2 




9»D4 




A 1 Nt»3P 


5 0 0 


4 0 0 


5 0 0 


TOO 


7 0 0 






A] 
8 0 0 
5 0 


S 0 0 0 0 0 

0. 0 2 


A 1 NGjk 
1 0 0 0 
1 0 


A 1 N&^ 

1 0 0 0 0 

2. 5 




5 0 0 


6 0 0 


6 0 0 


7 3 0 


9 3 0 




18 0 0 


18 0 0 


18 0 0 


17 5 0 


18 0 0 




2 


2 


1 


2 


2 


££:;j Ckg/ca ■ ) 


2 0 0 


2 0 0 


2 00 


2 0 0 


2 0 0 




A I N 


A ] N 


A 1 N 


A 1 N 


A 1 N 




ALON 


ALON 


ALON 


ALON 


ALON 




9 9.4 


9 9.5 


9 9. G 


g 9. 4 


9 8.5 


:t!>CDA (ppa) 


5 0 0 


6 0 0 


6 0 0 


7 2 0 


9 2 0 
















N4. 0 


N4, 0 


N4. 0 


N4. 0 


N4. 0 



[0054] . * * [^4] 





%ift0 6 




M^B6 




1 0 


A I Ntd^fc 


6 0 0 


500 


4 0 0 


3 0 0 


3 0 0 




mxs 

500000 

0.0 5 


mm 

500000 

0.0 5 


A I N»* 
1 00 0 0 

2. 5 


A 1 HfdM 
2 0 0 0 0 

5 


A 1 N»5fe 
2 0 0 0 0 
5 




8 5 0 


7 5 G 


6 4 0 


12 8 5 


12 8 5 




18 0 0 


1 G S 0 


18 0 0 


18 0 0 


18 0 0 




2 


1 


1 


8 0 


7 0 


(hg/CB * ) 


2 0 0 


2 0 0 


2 5 0 


1 5 0 


1 0 0 




A 1 N 


A IN 


A 1 N 


A 1 N 


A ] N 




ALON 


ALON 


A LON 


ALON 


ALON 
AtN-Ali CO 




9 8.5 


95. G 


9 5. 0 


97. 2 


9 8. 0 




8 4 0 


7 50 


6 4 0 


12 7 0 


12 4 0 
















N4. 0 


N8. 0 


N4. 0 


N3. 5 


NS. 0 



[005 5] 



[«5] 



C9) 



-48668 



15 



16 





1 1 


nVLB 1 2 


smB 1 3 


tmB 1 4 


«IID 1 5 


A I N©JK 


3 0 0 


3 0 0 


3 00 


10 0 0 


4 0 0 0 




A 1 

2 0 0 0 0 

5 


msB 

500000 
Q. 2 


A iNe^ 

5 0 0 0 0 

3 


A 1 N&3f^ 
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[0056] *^F«3©*ilB 1 r«||Rfe©ffi<bT;l' 
3> B4. B5. BBTti. l,>-rnfcmKfe<Dfeii*W 20 

8. B9-c«jiKfe®«fe^f**Jfte.nyt. *^ibi*30* 

ilBlOrii. EE^*17 0 kg/cm' "CabS*!. f#e 

(A 1 N) . (A 1, OC) ffl*s??aLrte 
•3. CCOifeS&^iA 1 N«gatat®ra{cei*^Aj:?gBS*i 

[0057] 2ls:|6IBJ1-C5||i|B 1 1 {Cfcl^rW. mSM 
g3&Jiifr#Sfc»«:. A 1 Nl^^mifHt^-V^^zft 

B 1 2. B 1 3. B 1 4K:*JC»r». 

SIB 1 5 K:*stJ-c«. S<bT;i' s --i; AJl?4«&*©^ 40 
©«®*-;J<>fi3&i7 6 0 0 p pm-C**). A 1 Ni^Sffl 
Lr»A 1 ONlfeStBi*-5j^>tgi*s 

?es*i8 8. 0%cc±s-,rc»-6fc8&«:. l8e[t3:N5-c 

[0058] ( 't;:'^^^~-(Dummm) ^^m<DmmA e 

S2 1 0mm, m$ 1 OmmCDt/U- C© 
5=^ + >^>'-rtK:i9SU/c. c©:7'U- h©±«:ii;S8-r so 



1 ©SSa*l3^«:i!C£-r -5/<:*©«l®tef 411 0 

mtfc, c<Dm9m^>^tL-ci,t. 5oow©iesi 

/xmB!ra6C5S?J^ie©f-i'*W^-5fc©*. 
Al!©SS*««: 2 0 *as{ 0 #W . c ©]S««*s J: ^ 
>:/«rX^5=^^+ >^^-©J1-m(C|g!aL.ft:. 

[0 0 5 9] &m\-m^:y^<t') mi sti?>mmit. 

■^>>'^•-K:S:W6*^)fcRJK©55l-« (iSS2 5 0 mm. 
Il$5mm) *ii3tl/. ^{bTil/5-'?A:/u- htcffl 

[0060] c©ani»j?g«:*sc»r. SsS^ji-jS^^rT"* 

iaa[*±s3-B-. 7 oo-c-ci^ra«^L. co^mdcm 

©iSm. > :/©msm;^7«. fe^ 8 6 0 0 wr 

/c. e^y 3>>i7x-'>-©se[*ai5£L.fetC6> :7'U- 
h©iaS*7 0 0*C{cfili^L-Cl>-5i#{c«. 
H;x>»^-©aSH6 1 l*C-C*o/£i. 
[0 06 1 ] *iiA2> A 9. Al 0. A 1 1© 

mtrJV 5 J^-;; Ag!tgtt{C-3t»"ClSI«(i!^il*tf o/ci 
±i2iRai©tSm%»A:. 

[0062] ivci&.miciiimm^) -Aic. mfimit 

S«cJ:-5-C»/c. *-!i<>^Wfi*J7 5 0 p pm©^fb 
TJl'5-'i;Af9*i&ffifflL, C©«&3S*3-^l'KT-^y 

•r»PBELTRSjm^i©fi»K**«r»i§b. C©fi£Jgfl:*l 
9 0 0*Ct?2«Fra«I^L. lSffi36J9 9. 4%©aeM<b 
T^l'5^'5A«fe(g«:4KiSL/t. C©«Ste{*«:fi6ffiU. 
iJail5l«lfCLTi/ y ^>•?i''^-©J)IBK^IIK«r^f o 

[0063] C©tell. m^tHt&Al 0 kWiJS 
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« 5 9 3 -C-C* 0 > ±ia©2|s:*?B«^<t: JtK-r i>t. i"J 

[0064] (^4sJ:a(Sia^(^CDag9^) 

-sK>#Wfi7 5 0 p pm<D^^tril'5-"l>A»**fig 
fflL. C©|»^R<!D*CC. ^iCTf'^KOBSO. 5 mm 

ocOa-f^UCCiSSSmm. 1 OmmCDRtiJ^© 

[0 06 5] nSJB«©fi£0(**> f-r^U;^«{CJ: 
o-C> 1 80 0*Cr3^. ZOOynz/ cm* <om.t} 20 

[0066] * 
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[as] :<:^©*i6e9«:«SS^<bT-'i'5-';»A«S^» 
[04] :*:^©llifi«^{c«^4^^bril'5-'>A«g^^jj 

[H5] tb«^eilK:«SSS{bT;U5X'i;A«&lS«:«:*ii,» 
-C, A 1 NMSti©ie^«i§?©S2©-b^ 5 ^> d'^^ffi 

me] A 1 NieSffl©e^>!p6i&:-5v h >J v{p:x.mic 
(A 1 N) . (A 1 . OC) r.. ffi©&^*i^L'-Cl» 

4. 

[07] H6©vh y s;i'::^*jj:iyt (A 1 N) . (A 1 
, OC) ... mamf-i:itkiyrnk-r, -fe^Sf i';^® 
«©«-i^isas^^r«>i. 
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